INTRODUCTION
============

The term biofilm corresponds to one or more microbial communities imbibed in a matrix that covers a solid surface \[[@R1]\]. The way of controlling caries and periodontal disease is to prevent the formation of dental biofilm, or to remove it regularly \[[@R2]\].With the increasing incidence of oral diseases and development of antibiotic resistance, the global need for alternative treatment modalities, safe, effective, and economical products is important \[[@R3]\].

In the Amazon region of Brazil, many plants and their products are widely used in folk medicine, emerging as feasible and promising options for the inhibition of microorganisms in dental biofilm, Copaiba oil being one of these phytotherapic agents \[[@R4]-[@R6]\]. Copaiba (*Copaifera multijuga* Hayne) has great importance for the production of transparent, viscous and liquid oil-resin fluid obtained from its trunk. Its oils present local anesthetic, anti-inflammatory, bactericidal, antitumor, healing, germicidal, expectorant,analgesic and antiviral activities \[[@R6]-[@R11]\]. The use of standardized extracts based on copaiba oleoresin can be an important strategy in the development of novel oral care products, since it can be considered for the control of periodontal diseases and dental caries \[[@R12]\].

Considering the national policy of integrative and complementary practices in the health system \[[@R13]\], and the possibility of introducing into dentistry, a phytotherapeutic product of Amazonian biodiversity, the aim of this study was to evaluate the *in vitro* antibacterial activity of copaiba oil (*Copaifera multijuga*) gel against strains of *Streptococcus* sp present on dental biofilm.

MATERIALS AND METHODS
=====================

The research was approved by the Research Ethics Committee of the Federal University of Amazonas under protocol number 02370712.8.0000.5020.

Obtaining Copaiba Oil
---------------------

The *Copaifera multijuga* (CM) oil-resin used was obtained from the Reservation Ducke, of the National Institute of Amazonian Research, with exsiccate number 73 - a collection of dried specimens - deposited in the herbarium of this institution.

Identification of Chemical Components and Formulation of Emulsions
------------------------------------------------------------------

The constituents of copaiba oil were identified by Gas Chromatography coupled to a Flame Ionization Detector (GC-FID) and Mass Spectrometry Detector (CG-EM), according to the methodology related by Vasconcelos *et al.* \[[@R5]\].

The gel was formulated in the Pharmacy School of the Federal University of Amazonas. according to Brasil \[[@R13]-[@R15]\].

pH Determination
----------------

The pH of the Copaiba oil gel was determined by potentiometer (TEC 2, TECNAL, Piracicaba, São Paulo, Brazil). The electrodes were connected to a potentiometer calibrated with standard solutions pH 7.0 and 4.0 at 25 °C, allowing linearity of the responses in relation to potential changes observed. The pH was determined at baseline (T0) and at 7 (T7), 30 (T30), 45 (T45) and 90 (T90) days in different storage locations: an oven, a refrigerator and at room temperature of 24°C--26°C. The results corresponded to the average of three successive analyses \[[@R14]\].

Microorganisms
--------------

Strains of *Streptococcus* sp. were used, isolated from dental biofilm collected from patients resident in the city of Manaus, Amazonas, and identified; and standard strains of *Streptococcus mutans* (*S. mutans*) ATCC 25175, *Streptococcus sanguinis* (*S. sanguinis*) ATCC 15300, *Streptococcus mitis*(*S. mitis*) ATCC 903 and *Streptococcus oralis* (*S. oralis*) ATCC 10557.

Biofilm Sampling
----------------

Dental biofilm samples were collected from four adult volunteers, aged between 21 and 35 years, of both genders, healthy, without systemic complications, who presented caries and gingivitis. Patients who presented periodontal disease at an advanced stage, dental prosthesis wearers, pregnant women, and patients who were using any type of medication were excluded from the study.

The supragingival biofilm formed was collected from the cervical third of all the teeth present in the oral cavity, using a sterile plastic spatula \[[@R16]\]. The samples collected were transferred to glass tubes with lids (15 x 1.5 cm) containing 5 mL of 0.1M phosphate buffer solution, pH 7.4, and glass pearls, sterilized and duly identified.

Isolation of Strains of *Streptococcus* sp.
-------------------------------------------

The tubes were homogenized in a vortex (Thermolyne MaxiMix II M37615, Barnstead, Sparks, NV, USA) and afterwards serial dilutions of 10^-1^ a 10^-5^ were made in the same solution. An aliquot of the 10^-5^ dilution was taken for seeding by exhaustion on the surface of the selective medium for *Streptococcus* - Mitis Salivarius Agar / MAS (DIFCO, Kansas City, MO, USA). The Petri dishes (90x 150 mm) were incubated under microaerophilic conditions at 37ºC for 48 hours with bacterial growth being monitored every 12 hours \[[@R16]\].

Identification of Bacteria
--------------------------

The bacteria were isolated and the morphological characters were studied under an optical microscope (H600 Hund Wetzlar, Wetzlar, Germany). The microorganisms were identified by means of biochemical tests using the Api20 Strep kit (Bio Mérieux, Paris, France), in accordance with the manufacturer's instructions.

Preparation of the Culture Media
--------------------------------

To test the antibacterial activity, agar B.H.I. (Brain Heart Infusion, DIFCO, Kansas City, MO, USA) and B.H.I. (DIFCO, Kansas City, MO, USA) enriched with 5% horse blood were used, distributed into Petri dishes (90 x 150 mm) and conserved in a refrigerator at ±4ºC.

Preparation of the Inoculum and Seeding the Plates
--------------------------------------------------

Under aseptic conditions, the inoculum was prepared and standardized to \#0.5 of the McFarland scale. The inoculum was seeded by inundation on the culture medium in the Petri dishes.

Preparing and Filling the Wells
-------------------------------

Three standardized wells, 1 cm in diameter by approximately 4 mm high were made in the culture medium, disposed at 1.5 cm from the edge of the well and at a distance of 3 cm between them, in order to prevent the inhibition haloes from meeting \[[@R4]\]. Using a sterile disposable syringe, 0.2 mL of the experimental gels were inserted into the wells, namely: Group I - experimental copaiba oil gel; Group II - 1% chlorhexidine gel; Group III - base gel.

The plates were incubated under microaerophilic conditions at 37ºC (12, 24 and 48 hours) in a bacteriological oven BOD (Q315 M, Quimis, Diadema, SP, Brazil). The inhibition halo readouts were taken after 12 hours, using a stereoscopic loupe (Carl Zeiss do Brasil, São Paulo, SP, Brazil) for confirmation of the readouts. When there was no inhibition halo, the microorganism was considered resistant (R). Seven repetitions were performed for each microorganism and for each medium.

The data were submitted to the Shapiro-Wilk and Friedman Tests (p\<0.05) for non parametric data. In the evaluation of the pH the data were presented by means of tables with analysis of variance of 5% level of significance with comparison of means by Tukey test.

RESULTS
=======

Chromatographic Analysis
------------------------

The results of the chromatographic analysis of *Copaifera multijuga* oil revealed that the structures of its components are made up of various sesquiterpenes, basically being constituted of β-caryophyllene and its oxide.

pH Determination
----------------

The pH was determined and the results are presented in Table **[1](#T1){ref-type="table"}**.

Antimicrobial Activity
----------------------

The results of the antibacterial activity are presented in Tables **[2](#T2){ref-type="table"}**, **[3](#T3){ref-type="table"}** and **[4](#T4){ref-type="table"}**. The Shapiro-Wilk test (*p \<0.05*) was used for analyses. As the data did not follow a normal distribution, the Friedman test was used.

Diffusion Test in Enriched BHI Culture Medium
---------------------------------------------

*S. mutans*presented antibacterial activity only in the period of 24 hours, being statistically significant in the experimental periods (Table **[2](#T2){ref-type="table"}**).

Diffusion Test in BHI Culture Medium
------------------------------------

Analyzing the antibacterial activity of the proposed gel, irrespective of the microorganisms and experimental time intervals, when comparing the results with the control, it was observed that in the time interval of 12 hours, no difference was found only for *S. mitis* (D4); for the other bacterial, chlorhexidine presented a higher mean value than the gel (Table **[3](#T3){ref-type="table"}**).

In the time interval of 24 hours, no significant difference was observed between the results obtained with chlorhexidine and gel in the following bacteria: *S. mitis* (D4) and *S. salivarius*, and even in these two bacteria, chlorhexidine presented higher values than the gel. With the bacteria *S. mitis* (M3) -- if it is admitted a level of significance of 5%, it is possible to verify significant difference between chlorhexidine and the gel, with the gel being the agent that presented the highest haloes values (Table **[4](#T4){ref-type="table"}**).

The results of the multiple comparisons, in each group, were similar to those found for the other bacteria.

When analyzing the negative control (Group III) against all the microorganisms tested, treatments and experimental time intervals, there was no presence of inhibition haloes.

DISCUSSION
==========

The chromatographic analysis showed that the structures of copaiba oil components are made up of various sesquiterpenes, basically being constituted of β-caryophyllene and its oxide. The same result was found by Bandeira *et al*. \[[@R4]\], Vasconcelos *et al*. \[[@R5]\] and Barbosa *et al*. \[[@R17]\], revealing a high proportion of sesquiterpenes (88.55 -- 98.05%) in the copaiba oils analysed, being the β-caryophyllene the principal type.

Studies have revealed that pH has an influence on bacterial growth. Depending on the pH, there would be a growth in the availability of nutrients and an intense transference, which may induce inhibition and the toxic effects on the cells. Therefore, the enzymatic activity of the bacteria is inhibited under high pH conditions \[[@R18]\].

These factors lead us to believe that further studies must be conducted to seek the mechanism of action of the proposed gels in the tested microorganisms. Bacterial death depends on their conditions of growth and multiplication, and among these are physical-chemical factors such as: temperature, pH, osmotic pressure, concentration of oxygen, carbon dioxide and substrate \[[@R19]\]. Studies have related that antibiotics cause two types of effects on bacteria: they may inhibit growth or reproduction, and they may be directed towards the bactericidal effect. Kohanski *et al*. \[[@R20]\] affirmed that these effects interfere in the synthesis of the cell wall, changing the cytoplasmic membrane permeability and interfering in protein synthesis.It is also important to analyze the effect of pH alone on bacterial cell growth, metabolism and division.

The antibacterial activity of the gels against the microorganisms tested may possibly be related to some chemical components present in the copaiba oil gel, a situation shown by Bandeira *et al*. \[[@R4]\], who demonstrated the antibacterial activity of calcium hydroxide and zinc oxide pastes associated with essential oil of *Copaifera multijuga* resin against *S.* *mutans* group and bacteriostatic and bactericidal activity of the oil *in natura* against the same microorganism. This fact was shown in this study in the evaluation of the antibacterial activity of the negative control and minimum bactericidal concentration (MBC) of the oil *in natura*.

Furthermore, the low-pH environment at the tooth-biofilm interface results in enhanced demineralization of enamel, pH 5.5 being considered the critical pH. In this study, the pH of the copaiba oil gel presented a mean pH of 6.5, considered neutral, therefore, does not contribute to the demineralization process.

Pieri *et al*. \[[@R6]\]evaluated the inhibitory activity of copaiba oil *S. mutans*using the serial dilution in broth technique and they concluded that copaiba oil showed a bacteriostatic activity against *S. mutans* at low concentrations as effective as 0.12% chlorhexidine, and could be an option of phytotherapic agent to be used against cariogenic bacteria in the prevention of caries disease. These authors affirmed that copaiba oil has advantages over chlorhexidine because it is composed by several different substances that may have different interactions with the bacterial cell, reducing the development of resistant *S. mutans*strains.

Another question of relevance for the results was the difficulty of gel diffusion in the culture medium, a similar problem faced by Bandeira *et al*. \[[@R4]\] with regard to copaiba oil diffusion in Agar medium. Siqueira Júnior, Gonçalves \[[@R21]\] observed the difficulty of calcium hydroxide diffusion in the same test, as calcium hydroxide has a low level of solubility in water, which limits its diffusibility. This fact leads us to infer that the copaiba gel presented the same difficulty due to its low diffusibility in Agar.

When comparing the results using the culture medium enriched with 5% horse blood and the culture medium without blood, one observed that enriched media had an influence on the antibacterial activity of the gel, because the unenriched medium provided better antibacterial activity. This may be related to the results found by Siqueira Júnior, Gonçalves \[[@R21]\], in which they observed that culture media, particularly those enriched with blood have a buffer capacity, which may cause a reduction in the high pH of calcium hydroxide making it less effective.

Moreover, the diffusion tests in agar may present a variation in the results, due to the variation in the density of columns, agar/material contact, speed of placement of the test material, which makes it difficult to reproduce the size of the inhibition haloes in daily practice \[[@R22]\].

In this research, it was observed that there was variability in the size of inhibition haloes. Moreover, in general, chlorhexidine presented inhibition haloes with larger sizes, which does not necessarily mean that it presented better antibacterial activity, bearing in mind that studies have found that the size of the inhibition halo does not necessarily reflects a higher or lower level of antibacterial effect, because it could be influenced by the size of the molecule, size of the inoculum, time of incubation, degree of contact between the material and culture medium, difficulty in reproducing the inhibition halo and diffusion capacity of the material in the culture medium \[[@R22], [@R23]\].When evaluating the gel in isolation with regard to the oral bacteria, its performance presented a favorable perspective for the control of dental biofilm.

Vasconcelos *et al*. \[[@R5]\] assessed the antimicrobial activity of a dental cement containing Copaifera multijuga Hayne oleoresin against *S. mutans* and *S. sanguinis* by the dilution test in a liquid medium. Inhibition of microbial growth occurred in all tested groups of both bacterial species, showing that copaiba oil has great potential to be used in dental cement.

Studies of Pieri *et al*. \[[@R10]\] have also shown great potential for the use of copaiba oil in endodontic cement composition, as well as in the prevention and therapy of periodontal diseases. Thus, studies of Souza *et al*. \[[@R12]\] have demonstrated that the single diterpene (-) copalic acid, an important metabolite found in the oleoresin of Copaiba, is also very active against *S. mutans*. Therefore, these data denote that future oral care products containing this compound could be of great value for application in the treatment of control oral pathologies.

However, further researches must be conducted since *in vitro* tests do not allow us to extrapolate the data to an *in vivo* situation.Nevertheless, for ISO 7405, the improved development of *in vitro* tests has provided better correlation with the *in vivo* situation and has received considerable attention \[[@R24]\].

Copaiba oil in pharmaceutical formulations shows biological properties with perspectives for application on dental biofilm control, in addition to possibly contemplate integrative and complementary practices such as phythotherapy in the future.

CONCLUSION
==========

The study demonstrated the antibacterial activity of the experimental copaiba oil gel against all the strains of *Streptococcus* sp tested, suggesting that it can be used in the future as a source of antimicrobials for dental biofilm control.

This study was financed by National Council for Scientific and Technological Development - CNPq in Project MCT/CNPq/CT-Amazonia. Process No. 575752/2008-4.

CONFILICT OF INTEREST
=====================

The authors confirm that this article content has no conflict of interest.

###### 

Mean pH values for the Copaiba oil gel according to local storage conditions and time (days)

  Storage location   Time (days)                             
  ------------------ ------------- ------- ------- --------- -------
  Oven               6.68          6.57    6.62    6.56      6.39
  Refrigerator       6.68          6.6     6.67    6.7       6.67
  Room temperature   6.68          6.67    6.65    6.7       6.66
  **Mean**           6.68a         6.62a   6.66a   6.66^a^   6.66a

Means followed by same letters do not differ among them at the level of significance of 5%.

###### 

Means of *S. mutans* inhibition haloes (in mm) in each time interval evaluated in enriched BHI medium.

  Time           Treatments            Inhibition (mm)
  -------------- --------------------- -----------------
  12 hours       Copaiba oil gel       R
                 Chlorhexidine         25.286
  **24 hours**   **Copaiba oil gel**   **9.500 a**
                 Chlorhexidine         26.000 b
  48 hours       Copaiba oil Gel       R
                 Chlorhexidine         25.428

**R** = Resistant. **mm** = Millimeters. Means followed by different letters differ among them at the level of significance of 5%.

###### 

Antibacterial Activity of Copaiba oil gel and Chlorhexidine against the tested strains, showing the Means of inhibition haloes (in mm) at 12 hours in BHI medium.

  Bacteria                    Treatments      Means (mm)   p-Value
  --------------------------- --------------- ------------ ---------
  *S. constellatus*           Chlorhexidine   20.17 a      0.0039
  Copaiba oil gel             16.57 b                      
  *S. mitis* ATCC 903         Chlorhexidine   23.00 a      0.0004
  Copaiba oil gel             20.43 b                      
  *S. mitis* D4               Chlorhexidine   21.00 a      0.0001
  Copaiba oil gel             13.86 b                      
  *S. mitis* M3               Chlorhexidine   22.00 a      0.0001
  Copaiba oil gel             12.86 b                      
  *S. mitis* Fe4              Chlorhexidine   23.14 a      0.3639
  Copaiba oil gel             22.00 a                      
  *S. oralis*  ATCC 10557     Chlorhexidine   20.21 a      0.0001
  Copaiba oil gel             13.57 b                      
  *S. salivarius*             Chlorhexidine   19.71 a      0.009
  Copaiba oil gel             14.28 b                      
  *S. sanguinis* ATCC 15300   Chlorhexidine   20.86 a      0.0001
  Copaiba oil gel             15.86 b                      
  *S. mutans*ATCC 25175       Chlorhexidine   20.18 a      0.0001
  Copaiba oil gel             14.85 b                      

**Mm** = Millimeters. Means followed by different letters differ among them at the level of significance of 5%.

###### 

Antibacterial Activity of Copaiba gel and Chlorhexidine against the tested strains, showing the Means of inhibition haloes (in mm) at 24 hours in BHI medium.

  Bacteria                    Treatments      Means (mm)   p-Value
  --------------------------- --------------- ------------ ---------
  *S. constellatus*           Chlorhexidine   21.86 a      0.016
  Copaiba oil gel             16.71 b                      
  *S. mitis* ATCC 903         Chlorhexidine   23.21 a      0.0079
  Copaiba oil gel             21.28 b                      
  *S. mitis* D4               Chlorhexidine   21.28 a      0.3978
  Copaiba oil gel             19.50 a                      
  *S. mitis* M3               Chlorhexidine   22.57 a      0.0596
  Copaiba oil gel             26.14 b                      
  *S. mitis* Fe4              Chlorhexidine   24.14 a      0.0004
  Copaiba oil gel             20.28 b                      
  *S. oralis*  ATCC 10557     Chlorhexidine   21.00 a      0.0001
  Copaiba oil gel             15.14 b                      
  *S. salivarius*             Chlorhexidine   21.14 a      0.1113
  Copaiba oil gel             17.21 a                      
  *S. sanguinis* ATCC 15300   Chlorhexidine   22.43 a      0.0001
  Copaiba oil gel             13.57 b                      
  *S. mutans*ATCC 25175       Chlorhexidine   21.28 a      0.0001
  Copaiba oil gel             13.42 b                      

**mm** = Millimeters. Means followed by different letters differ among them at the level of significance of 5%.
